The effect of sets and repetitions of the spirometer by flow in cardiorespiratory parameters [I] Efeito das séries e repetições do inspirômetro a fl uxo nos parâmetros cardiorrespiratórios [A] Abstract Introduction: The incentive spirometer helps pulmonary ventilation and the cardiorespiratory changes of its use are controversial. Objective: To evaluate the effect of sets and repetitions on cardiorespiratory parameters using a spirometer alinear flow (SAF). Materials and methods: The sample group consisted of 50 young people, healthy and sedentary. The evaluated parameters were: systolic blood pressure (SBP), Fisioter Mov. 2014 jan/mar;27(1):11-9 Martinelli B, Damasceno e Souza G, Ricci MDC, Gimenes C, De Conti MHS, Barrile SR. 12 diastolic (DBP), heart rate (HR), respiratory rate (RR), oxygen saturation (SaO 2 ), minute volume (VE), tidal volume (VT), vital capacity (VC), maximal inspiratory pressure (Pi max ), maximal expiratory pressure (Pe max ), and peak expiratory flow (PEF). The moments of study were: initial evaluations (M1); 3 sets of 10 repetitions using SAF (M2); 3 sets of 15 repetitions using SAF (M3); and final evaluation (M4). Statistical analysis was made by t test, ANOVA and Tukey test (p < 0.05). Results: SBP and HR decreased in M2 after the 2 nd set. In the 3 rd set, SBP and RR decreased. Comparing the initial and final variables in M2, SBP and RR decreased, and Pemax increased. After 1 st set in M3, SBP and SaO 2 decreased. The 2ⁿd set: SBP, HR, RR, and SaO 2 decreased. After the 3 rd set: SBP, HR, SaO 2 , and RR decreased. Comparing the initial and final variables in M3, SBP, HR, RR decreased, and Pimax and Pemax increased. Comparing M4 to M1, Pimax, Pemax, and VC increased, and RR decreased. Conclusion: There are changes in cardiorespiratory parameters after the use of a spirometer alinear flow, especially in the sets with more repetitions.
Introduction
The movement of gases in the lungs and tissues occurs by diffusion and its transport requires the work of respiratory and cardiac pumps. The internal respiratory function is related to the pulmonary functional role performed by the ventilation and circulation, and the external assures the pulmonary volume variations, which guarantee the gas exchanges of the body (1) . The driving pressure of the respiratory system, generated by muscular contraction during inspiration, must overcome elastic and resistance forces to fill the lungs (2, 3) . One of the techniques to reduce pulmonary complications and stimulate the respiratory function is the incentive spirometry, which aims to incite, by visual stimulus and auditory feedback, the maximal sustained inspiration, promote alveolar hyperinflation, help in the muscular respiratory function, and in the effectiveness of the pulmonary ventilation through the patient's resistance and spontaneous breathing (4, 5) . Although the incentive spirometry is widely used among health professionals, there are still no appropriate clarifications on its effect on the sets and repetitions. Studies that verify the effects of the use of incentive spiromety in patients who underwent major interventions show that there are limitations in the research on its application (6, 7, 8) . However, the American Association for Respiratory Care (9) recommends standardization, and on the other hand, in clinical practice, its prescription becomes variable and the impacts of its use are unclear, which make it necessary to analyze the changes in the cardiorespiratoty parameters related to its use. Thus, the purpose of this study was to evaluate the effect of sets and repetitions on cardiorespiratory parameters with the use of a incentive spirometer alinear by flow.
Materials and methods

Sample
The non-probabilistic sample group was composed of 50 healthy individuals, college students. Written, informed consent was obtained from all subjects and approved by the Ethics in Research Committee of the Dean of Research and Graduate Studies of USC -Sagrado Coração University (nº 190/09).
Inclusion criteria
This research included individuals of ages between 18 and 24, college students, regardless of sex or availability for the intervention.
Exclusion criteria
This research excluded individuals who smoke, were pregnant, carried pulmonary or systemic pathologies that involve the respiratory system, and did intense physical exercise more than three times per week.
General procedures
For the initial evaluation (M1) an evaluation sheet was used to record personal information, life and social habits, anthropometrical measurements -digital anthropometric scale FILIZOLA (10, 11, 12) , blood pressure measurements -sphygmomanometer and stethoscope Premium brand (13) , respiratory measurements such as: fluxometry -Peak flow assess full range HS710-012 ADT -Respironics (14) , inspiratory (Pi max ) and expiratory (Pe max ) pressure -Comercial Médica (15) , ventilometry -analogic ventilometer Whright Mark 8 (16) , pulse oximetry -Onix (17) , and space to fill out the time supporting the spheres and the quantity of spheres supported resulting from the use of the incentive inspirometer Respiron (adjustment ring at the zero position).
It was established a five-minute rest prior to the measurement of the blood pressure (BP), oxygen saturation (SaO 2 ), heart rate (HR), respiratory rate (RR), then the Pi max and Pe max were checked, subsequently the peak expiratory flow (PEF) was measured, and finally the vital capacity (VC), minute volume (VE), and tidal volume (VT) were identified. For the procedure, the volunteer individuals were positioned in a sitting position (triple 90 o angle between the trunk, hip, and ankle).
Sessions
Determining the sets and repetitions was based on the American Association for Respiratory Care (9) , and one to three sets of 10 to 15 repetitions were evaluated in different moments. For that, respiration happened orally utilizing a nose clip, doing the necessary repetitions corresponding to each set and supporting the spheres as long as possible (9, 17) .
At the second moment (M2), 7 days after M1, 1, 2, and 3 sets of 10 repetitions were done utilizing the same incentive inspirometer. The interval time between the sets was 1 minute. And 5 minutes after the sets the BP, HR, SaO 2 , and RR were checked. In the beginning and at the end of M2 the BP, HR, SaO 2 , RR, maximum respiratory pressures, VC, and VE were assessed.
At the third moment (M3), 14 days after M1, the same evaluation criteria was applied, however, 1, 2, and 3 sets of 15 repetitions were done.
At the fourth moment (M4) a final evaluation was performed, following the evaluation criteria used at M1.
Statistical analysis
The values were stated in average and standard deviation and in absolute and relative frequency. The variance test (ANOVA) and Turkey test (18) were used for repetitive measurements, utilizing the Pacotico software 5.3 version, and the Student "t" test for initial and final measurements in each Comparing M1 and the initial values at M2, there was an increase in the Pi max from 66.2 ± 26.37 to 71.68 ± 24.69 cmH 2 O (p = 0.017) and in the Pe max from 58.04 ± 25.26 to 62.4 ± 24.69 cmH 2 O (p = 0.01).
In the respiratory pressure measurements, comparing the initial and final variables at M2, there was an increase in the Pe max from 62.4 ± 24.69 to 65.76 ± 25.88 cmH 2 O (p = 0.005).
At M3, after the 1 st set, comparing to the initial evaluation in the same moment, there was a decrease in the SBP from 110.52 ± 13.55 to 106.48 ± 12.38 mm Hg (p = 0.0001) and in the SaO 2 (%) from 97.46 ± 1.01 to 96.84 ± 1.47 (p = 0.004). After the 2 nd set there was a decrease in the SBP from 110.52 ± 13.55 to 107.82 ± 13.60 mm Hg (p = 0.02), HR from 82.02 ± 11.40 to 77.9 ± 9.39 bpm (p = 0.0001), RR from 16.28 ± 3.91 to 15.36 ± 385 rpm (p = 0.009), and SaO 2 (%) from 97.46 ± 1.01 to 96.94 ± 1.67 (p = 0.03). And after the 3 rd set there was a decrease in the SBP from 110.52 ± 13.55 to 106.88 ± 13.56 mm Hg (p = 0.0009), HR from 82.02 ± 11.40 to 79.06 ± 9 bpm (p = 0.01), SaO 2 from 97.46 ± 1.01 to 96.8 ± 2.09 (p = 0.01), and RR from 16.28 ± 3.91 to 15.28 ± 3.45 (p = 0.01). Comparing the initial and final variables at M3, there was a decrease in the SBP from 110.52 ± 13.55 to 106.48 ± 14.29 mm Hg (p = 0.0006), HR from 82.02 ± 11.4 to session and comparison between the three phases. The considered significance level was p < 0.05.
Results
Out of the 50 individuals studied, 10 (20%) were male and 40 (80%) were female, the average age was 20.98 ± 1.66, the average height was 1.67 ± 0.08 cm, weight 67 ± 17.25 kg and body mass index 23.65 ± 4.91 kg/m 2 .
The Table 1 shows the behavior of the cardiorespiratory variables in the three sets of ten repetitions (M2).
It was noted at M2 after the 2 nd set, in comparison with the initial values at this same moment, a decrease in the systolic blood pressure (SBP) from 111.8 ± 12.96 to 109.16 ± 15.16 mm Hg (p = 0.02) and in the HR from 81.42 ± 11.49 to 79.06 ± 10.63 bpm (p = 0.04). And after the 3 rd set there was a decrease in the SBP from 111.8 ± 12.96 to 107.4 ± 16.3 mm Hg (p = 0.003) and in the RR from 15.92 ± 3.55 to 15.08 ± 3.57 rpm (p = 0.01). Comparing the initial and final variables in M2, there was a decrease in the SBP from 111.8 ± 12.96 to 107.88 ± 12.65 mm Hg (p = 0.0002) and in the RR from 15.92 ± 3.55 to 15.06 ± 3.65 rpm (p = 0.02) ( Table 1) . (%): blood oxygen saturation; *: comparison between the 1 st set and the initial evaluation; † : comparison between the 2 nd and the initial evaluation; **: comparison between the 3 rd set and the initial evaluation; † † : comparison between the fi nal and initial evaluation.
Source: Research data.
The cardiorespiratory variables collected at the initial (M1) and final (M4) evaluation are presented on Table 3 .
When comparing M1 and M4 in the research, there was an increase in the Pi max from 66.2 ± 26.37 to 81.24 ± 25.68 cmH 2 O (p = 6.87456E-06), in the Pe max from 58.04 ± 25.26 to 73.52 ± 28.38 cmH 2 O (p = 1.47509E-05), decrease of the RR from 16.42 ± 4.45 to 15.46 ± 4.42 rpm (p = 0.02), and increase of the VC from 4.40 ± 0.96 to 4.62 ± 0.95 L/sec (p = 0.006) ( Table 3) .
78.04 ± 10.36 bpm (p = 0.004), and RR from 16.28 ± 3.91 to 15.16 ± 3.73 rpm (p = 0.003) ( Table 2) .
Comparing the variables at M1 in the research and the initial values at M3, there was an increase in the Pi max from 66.2 ± 26.37 to 74.64 ± 23.38 cmH 2 O (p = 0.002) and in the Pe max from 58.04 ± 25.26 to 68.4 ± 25.34 cmH 2 O (p = 0.0004).
There was an increase in the Pi max from 68.4 ± 25.34 to 78.4 ± 24.9 cmH 2 O (p = 0.008) and in the Pe max from 68.4 ± 25.34 to 71.04 ± 27.89 cmH 2 O (p = 0.04) when comparing the initial and final values at M3. blood oxygen saturation (%); *: comparison between the 1 st set and the initial evaluation; † :comparison between the 2 nd set and the initial evaluation; **: comparison between the 3 rd set and the initial evaluation; † † : comparison between the fi nal and initial evaluation.
Source: Research data. response that pumps the heart slower and induces compensatory dilation of the peripheral vascular tree, resulting in a decrease in BP towards normal levels (21) . When there is an increase in the respiratory movements, such as while exercising, there is a decrease in the intrathoracic pressure and consequently increase in the final diastolic ventricular volume, increase in the systolic volume and increase in the cardiac output. During inspiration, there is a diaphragmatic contraction that increases abdominal pressure, facilitating blood movement towards the heart. Along with this mechanism, there is a decrease in the thoracic pressure with transference to the thoracic veins and right atrium. Thus, there is an increase in the pressure gradient between the veins located outside of the thorax and right atrium, resulting in an increase in venous return (22) . Therefore, this is the explanation for the decrease in the SBP in this study that happened after the 2 nd and 3 rd sets and the final evaluation at M2, and after the 1 st , 2 nd , and 3 rd sets, and final evaluation at M3. Note that these decreases happened acutely (M2 and M3), however, at the final evaluation (M4), the systolic blood pressure levels remained stable with regard to the initial evaluation (M1). Another topic to be discussed is the diastolic blood pressure (DBP) that had no alteration. This happened possibly because the increased venous return does not cause increase in the DBP, because the heart, that is managed by the sympathetic, pumps the blood deposited it quickly, which causes minimal or no pressure change (22) .
In variance analysis, only the Pi max and Pe max were significant (p < 0.05), and there were no significant statistical alterations in the other variables.
Discussion
In this research, the cardiorespiratory effects caused by the use of the incentive spirometer by flow regarding the sets and repetitions were verified, especially in the SBP. Next, some notes concerning these findings will be discussed.
The lung and ribcage create a negative pressure in the pleural cavity through opposite elastic forces from both. This happens during spontaneous inspiration, facilitating the venous return and increasing the cardiac output, therefore strengthening the interconnection between the respiratory, cardiac, and vascular systems (19) . The neurologic components enable this interaction as well once the central mechanisms, such as the afference of carotid baroreceptors, are also involved in the respiration control. There is scientific evidence that in humans the quality of the reflex action of the central respiratory baroreceptor depends on the level of activity of the afferent baroreceptor and on the depth of inspiration. The experiments suggest that the neural activity associated with the inspiration suppresses the efferent cardiac vagal activity in the central nervous system (20) . The baroreceptors, while exercising, act to prevent high levels of BP, for as it increases, the dilation of arterial vessels activates the baroreceptors and produces a RR: respiratory rate (rpm); SaO2: blood oxygen saturation (%); Pimax: maximal inspiratory pressure (cmH2O); Pemax: maximal expiratory pressure (cmH2O); VE: minute volume (L/min); VT: tidal volume (L); VC: vital capacity (L); *: comparison between moments 1 and 4.
(Conclusion)
was used in the study emphasizes the inspiratory muscles. Nevertheless the increase in expiratory pressure was a new finding, there is an explanation for such information as well. One feature in respiratory mechanics is the hydraulic connection between the diaphragm and the abdomen. Physiologically, any alteration in the intrathoracic pressure must be balanced by an opposite modification in the intra--abdominal pressure. To any given pulmonary volume, a downward movement of the diaphragm will have to go through a movement to the outside of the abdominal wall. So, the increase in the abdominal muscle tension immediately before inspiration may result in a more intense diaphragm contraction and in higher potential for the occurrence of greater differences in transdiaphragmatic pressure during the inspiration (25) . In accordance with these statements, there is a close relation between the inspiratory and expiratory musculature, for that reason, when the inspiratory musculature is stimulated, indirectly the expiratory musculature is stimulated as well, a fact which determined increase in the levels of Pe max . Moreover, the increase in Pi max and Pe max during the initial evaluation in M3 can be deriving from the repetitions, respiratory muscular strengthening, and learning. There is a study (26) that proves the increase in the Pi max values from the use of the respiratory incentives. Nonetheless, studies that prove the increase of the Pe max from the use of inspiratory incentives were not found. At M4 in the research it is noted an increase in VC when comparing to M1. VC represents a measurement for ability and strength of the respiratory muscles (27, 28) . Tarantino (29) argues that isolated measurement of the VC, as well as any other parameter, is of little value, but in this research it is possible to observe that there was an increase in the Pi max and Pe max , variables that corroborate in establishing the increase in VC (29) .
In this study there was also significant decrease in SaO 2 after the 1 st , 2 nd , and 3 rd sets at M3. This contrasts a study in which a significant increase in SaO 2 (%) (initial mean 96.06±1.14 and final 97.12±1.36 -p < 0.05) was observed after the use of inspiratory incentives by flow and by volume (30) . In this research, an increase in SaO 2 was expected as well, because one of the inspiratory incentive objectives would be increase pulmonary ventilation which would raise SaO 2 , however that did not occur. It is believed that it happened because the SaO 2 values are already high Continuing, there was also a decrease in the HR after the 2 nd set at M2, after the 2 nd and 3 rd sets at M3, and in the final evaluation at M3. These cardiac changes can be explained by the signs from the baroreceptors that after entering the medulla oblongata, secondary signs stimulate the parasympathetic vagal center. The final effects are vasodilation of veins and arterioles in the entire peripheral circulatory system and decrease in the HR and the cardiac contraction force (22) . What draws attention is that this can be observed from the second set at M2 and M3.
Concerning the respiratory variables, it was observed a decrease in the RR after the 3 rd set and final evaluation at M2, after the 2 nd and 3 rd sets and final evaluation at M3, and when comparing M4 and M1 in the research. It has been reported that the interaction of the cardiopulmonary control and carotid baroreflex of the vascular resistance, which in directly related to the respiratory control and blood pressure, is due to the neurocirculatory adjustments for compensation that were changed in large by simultaneous alterations in the cardiopulmonary vagal afferent firing (23) . The mean RR in the studied sample is consistent with the expected normal standards (12 to 20 rpm) and, even if the RR is normal, the increase in pulmonary ventilation by the incentive spiromenter consequently also provides RR reduction. It is known that slow and steady breathing, below 10 rpm, affects the reflex control of the cardiorespiratory system and modulates the BP. More specifically, the lung inflation that increases with the decrease in RR allows the pulmonary stretch receptors to adapt. This neural activity serves as a signal to the marrow and is integrated with the information about the BP level generated by the arterial baroreceptors. As a severe response to the increase in BP and/or pulmonary insufflation, the heart rate decreases and vasodilation happens in the vascular territories (24) . Ultimately, it is possible to note that there is an acute cardiovascular response to the slow and sustained respiration, as it happens with the use of the spirometers. In the suggested study, there was in both M2 and M3 decrease in RR, HR, and SBP among the sets and at the end of each moment.
As far as the respiratory pressure measurements, it was noted that there was an increase in Pe max after the three sets at M2, in Pi max and Pe max after the three sets at M3, and in Pi max and Pe max when compared M4 and M1 in the study. The increase in Pi max was already expected because the incentive inspirometer that (initial mean 97.38 ± 1.09 and final 97.38 ± 1.29) and in the mentioned study those values were lower.
Conclusion
There are alterations in the cardiorespiratory and muscular parameters after the use of the incentive spirometer by flow, with significant alterations in SBP, HR, RR, SaO 2 , Pi max and Pe max , happening more frequently in the sets with 15 repetitions.
